The World Health Organization considers the referral system, begun in 1978, to be one of the primary components of any medical system. Referral is the procedure of directing a patient to an appropriate specialist or agency. This research uses King Abdullah Medical City in Makkah, Saudi Arabia as a case study to explore using Lean Six Sigma as a way to improve healthcare referral system. King Abdullah Medical City received 16,807 referral requests in 2015, a 13.6% increase compared with 2014. Over time, the process of referral unwieldy, making the process less efficient and effective. By addressing the application of Lean principles and Six Sigma methodology to improve the referral process, this study reveals implications for their use in the healthcare industry. Then DMAIC methodology was utilized to decrease the delay in physicians' response time to the referral system. After the Lean Six Sigma project was completed, a noticeable improvement in compliance to response times was achieved and sigma improved from 2.05 to 2.2; even greater improvement is expected after all of the long term recommendations have been applied.
ics became unwieldy, making the process less efficient and effective. Consequently, there were delays in response to the referral beside there were incomplete documents of patients. In addition, patients were unsatisfied with the KAMC services.
This study aims to implement Lean Six Sigma methodology on the hospital referral processes to increase compliance of physicians' response time to the referral system. To fulfill the aim of the project the following objectives are targeted: 1) To examine how Lean Six Sigma can lessen delays in physician response time.
2) To improve the current referral system at KAMC.
Lean
Invented by the CEO of Toyota, TaiichiOhno, lean is a methodical approach that identifies and eliminates waste (and non-value-added activities) [2] . This can be achieved by continuous improvement and following with the production to the pull of the customer in pursuit of perfection [2] . TaiichiOhno based this system on the fact that human activity causes errors due to absence of value in the process, leading to seven types of "muda" or "waste" [2] . Lean was introduced at Toyota in 1950, but became famous in the West in the 1980s [3] . Major companies consider lean principles one of the varied approaches to help a business remain in healthy competition to meet increased worldwide demand [4] .
The Lean approach emphasizes the importance of reducing costs by eliminating non-value-added (NVA) activities and utilizing Lean tools as a method of sustaining and optimizing supply [4] . The crucial principle of a Lean supply chain is to generate a streamlined highly efficient system. This system results in finished products that can more successfully satisfy customer demand with a minimum level of waste [4] . The key principle of the Lean method is to eliminate all kinds of waste in developing a higher standard of operational production, producing at a reduced cost in a shorter time [3] . Hence, the core idea of lean is to maximize the customer value and eliminate waste. In short, lean aiming to provides customers with more value and less resources [3] .
According to Mannon, Lean's philosophy is based on eliminating the seven types of waste including the following: 1) Overproduction: producing more than required, before being required; 2) Inventory: retaining extra inventory in all processes; 3) Extra processing steps: completing more work than necessary; 4)
Motion: any unnecessary activity such as picking up or placing (including wasted walking); 5) Defects: repair and correction; 6) Waiting: awaiting data or approval in receiving supplies or any other equipment; 7) Transportationwasted effort in transporting any equipment or materials between processes or in/out of storage [5] .
Six Sigma
The concept of Six Sigma theory offers an approach to problem solving and involves a strong organizational framework consisting of redesigning a product, which then results in the elimination of defects [6] . Six Sigma provides excellent quality, including a more efficient and lower cost service than its competitors [2] . It has rapidly gained popularity as it helps to implement overhead cost savings and efficiency [7] . Bob Galvin, the CEO of Motorola, was the first to launch Six Sigma in 1987 based on a suggestion by Bill Smith [8] . As a result of this, a new standard was adopted to reach 3.4 defects per million opportunities [8] .
This new standard ensured that capital was not wasted and productivity was maintained; consequently, the company saved several billion dollars. Since then, many other companies around the world have adopted the same approach [8] .
Such effective and maintainable approaches in establishing a competitive advantage and in achieving long-term targets provide a reduction in both of time and costs, and thus improve revenue enhancement [8] . are required if problems still persist [9] ; the end step is Control: "How could performance be guaranteed in order to sustain improvements over time?" This means that the progress should be sustained so that no unanticipated or unwanted changes could occur. The process then should operate at the desired level of performance to make sure that the problem never re-exist [9] .
DMAIC is an improvement methodology processes that help to identify the problem precisely and make the scope and objectives very clear [10] . Then analyze the data from the collected data to examine the root cause of the problem in order to provides a suitable solution. After that, it provides control system to prevent the problem to happen again [10] .
Why Lean Six Sigma
The referral system in hospitals requires the interlinking of many mesosystems and includes both clinical and non-clinical staff. The published literature has a significant amount of evidence supporting the notion that human capital is the key factor to quality improvement and successful implementation. While most studies focus on investigating organizational culture and quality improvement in several areas, they do clarify that the motivation of the individual, the staff attitude towards quality problems and solutions, and the quality of teams to be the most frequently reported contextual factors [8] [9] [10] . Lean implements a strategic approach that involves staff within the process of continuously improving the quality of care in hospitals, thus diminishing errors and delays [11] .
Furthermore, if Lean is simply understood and utilized by hospital staff, it can diminish various types of waste, which is a common issue within hospitals [12] .
Most hospital supply chain systems acquire medical items that are managed by staff that do not have enough knowledge of the sensitivity of these medical items in regards to storage and distribution [13] . Because the success and quality of the healthcare industry mainly relies on human expertise, Six Sigma can also be useful, as it focuses on developing human skills, including training and communication. Overall, evidence suggests that Six Sigma is one of the ideal quality assurance strategies in the healthcare industry [14] . Both lean and six sigma have Strengths factors as can be seen in Table 1 . claim that understanding the patient journey is a fundamental primary step in their treatment [15] . They advised that Lean-thinking concepts developed in the field of industrial manufacturing and successfully implemented could also be implemented into the healthcare industry [13] . Therefore, to achieve satisfying customers' demands and in a more efficient way than competitors, it is vital for the healthcare system supply chain to continually develop their processes. Additionally, they must take part in continuous improvement processes as well as adopt competitive approaches [13] .
Lean Six Sigma Practices in Healthcare
In the final analysis, Six Sigma results include: 1) more capable employees 2) reduced defects 3) reduced cycle times 4) lower inventory levels 5) higher efficiency and lower costs [12] . Achievements in these areas ultimately lead to increased overall customer satisfaction and employee satisfaction as well as higher market share and greater profits [16] .
Case Study: KAMC Referral Process Referral Process Overview
The referral system is the cornerstone to support the relation between basic medical care and hospitals. The World Health Organization (WHO) has considered the referral system one of the primary medical system components since be given and the response sent to the submitting hospital, Hospital A. If the case is approved, the admission desk will check their availability to receive the case;
i.e., whether a physician is available in the clinic, whether there is an available bed within the expected stay of the patient, etc. If there is availability, the case will be approved. Otherwise, it will be rejected and the reason for rejection will be selected and specified. This helps in reporting and in capacity planning. Hospitals with many rejected cases due to unavailability of beds will be prioritized for expansion or as first hospitals to be able to increase bed capacity when possible [18] . After the first approval is received, the medical department will be informed in the hospital to start the transfer process. The patient will be provided with the necessary information such as the hospital he/she will be transferred to, the transportation used for the transfer, the transfer date and time, etc. The treating doctor will be informed as well. high proportion of late responses from the medical departments, which led to grumbling from other hospitals as well as patients and negatively affected patient safety and therefore the experience with KAMC. And this has also led it to raise this issue during the meetings with the hospitals in the region. The objective of the project then became to improve the physician response time to 95% for urgent requests and 90% for normal ones.
The next step in the process was to diagram a process map detailing the steps in the process, from receiving the referral request through the consult process (review, approval, and service) and the returned referral to the requester. This process map followed a standard SIPOC (supplier, inputs, process, outputs, and customers) analysis and provided the tools to identify appropriate measures and steps of value/nonvalue added activities [19] , as shown in Table 2 .
Measure Phase
Data were collected to pinpoint the problems and focus the improvement effort.
At this phase, the yearly referrals accepted versus those received were tracked, as shown in Figure 2 , and the responses of physicians during the period of JuneAugust 2016 were measured (Table 3) to determine whether the objectives were being met, that is, that the referrals were being processed and appointments were being made in a timely fashion. Timely fashion was then quantified; specifically, if the process took more than 4 hours for urgent cases and more than 24 hours for normal ones, it did not meet the criteria for "timely".
Physicians' response times for normal requests met the target 68% of the time, while response times for urgent requests met the target 79% of the time. In The total number of referrals received in the selected three months (JuneAugust) was 2452 cases.
The delayed cases numbered 689, which is 28.1% of the total cases.
( )
Yield 1 DPO *100 Yield 71.9% = − → = the process sigma is 2.05.
Analyze Phase
The analyze phase utilized several steps to identify and confirm root causes of inefficiency (i.e., delays in response to the referral) to address process improvement. All paper referrals were collected and reviewed, and pathways were identified and analyzed. The outcomes for all referrals (i.e., incomplete, inappropriate, In addition to conducting these analyses, the process data was combined with a map of the value-adding steps to help determine where waste could be removed. Two steps were identified to be eliminated ( Figure 6 and Figure 7 ).
Improve Phase
In the improve phase, the results of the analyze phase were used to make tentative design change recommendations. These recommendations were then piloted, confirmed, and institutionalized in the control phase. The total number of referrals received in the selected three months (Sep-Dec) was 4153 cases.
The delayed cases numbered 1012, which is 21.5% of the total cases.
( )
Yield 1 DPO *100 Yield 75.6% = − → = the process sigma is 2.2.
Control Phase
Standardizing improved processes incorporates the Deming Plan-Do-Check-Act
Cycle [20] . The monitoring, data analysis, and actions were performed by a coordination office. In the Plan-Do cycles, the following metrics were captured: physician response time for urgent and normal cases, and the number of escalated cases. A report was generated from the system monthly and presented at the monthly medical board meeting. The Check cycle utilized control charts from quarterly data to identify any undesirable patterns or trends. If an undesirable pattern or trend was identified, the coordination office, along with the concern department, did the following (Act cycle): discussed the problem area, improved breakdown in process and communication, and continued monitoring to ensure sustainability. In addition to that, awareness sessions were conducted to discuss the findings and agree on the actions.
Conclusions and Recommendations
In this study, a DMAIC approach was applied to streamline the internal referral process at KAMC. Process mapping, Pareto charting, and a cause-and-effect diagram are the tools that were used to analyze and solve the problem. A slight improvement was made in compliance to response time (4 hours for urgent cases and 24 hours for normal ones) and the number of urgent cases that experienced delayed physician response was reduced by 2% and the number of normal cases that experienced this was reduced by 5%. In addition, more improvements are expected after implementation of the long-term recommendations. Physicians and department heads were generally positive about the intervention and liked the new communication rhythm and escalation process. Though hospital had attempted to improve the referral process through the application of recommended practices many times before, no significant differences had been noticed. Success in this instance seems to be related to the systematic, data-driven Six Sigma approach used by the team.
As the research study showed improvement in response rate, it is recommended that KAMC management accelerate the long-term action implementation to maximize the benefit of this project and achieve a better response rate. In A. Alkinaidri, H. Alsulami addition, to keep the response rate high, it is recommended that: a) adequate and ongoing awareness and training facilities be provided to the related staff b) a reward system or some other such system be implemented to increase motivation, which is crucial for continuous improvement c) a dashboard be created for monitoring the agreed KPI's and taking proper action on the spot to overcome any difficulties.
Finally, as the study shows, implementing lean six sigma can lead to a significant improvement in healthcare services. It is highly recommended that hospitals begin to use lean six sigma programs to build a culture and a foundation to implement improvement projects. The lean six sigma can be used to improve the appointments system, patient accommodations, check-in processes, and discharge processes. In addition, it can be implemented in the pharmacy and laboratory processes.
